A 70-year-old woman presented with severe back pain secondary to metastasis of renal cell carcinoma to the second lumbar vertebral body. She had no evidence of spinal cord compression clinically or on MR imaging. Tumour embolisation was performed for pain relief The embolisation was complicated by spinal cord infarction resulting from angiographic masking of a spinal artery by diversion of contrast material into the high-flow tumour.
Introduction
Preoperative and palliative embolisation of vertebral tumours is a well described technique 1-10. While serious complications from such embolisations are relatively uncommon, catastrophic injury to the spinal cord can occur.
We describe a case in which embolisation was complicated by spinal cord infarction resulting from angiographic masking of a spinal artery by diversion of contrast material into the high-flow tumour.
Case Report
A 70-year-old woman presented with severe back pain radiating to the left thigh secondary to local extension of renal cell <;:arcinoma into the left side of the second lumbar vertebral body. She had no evidence of spinal cord compression clinically or on MR imaging. The patient was considered not to be a candidate for surgery because her spine was not unstable and she had advanced liver and lung metastases. It was decided to perform embolisation of the tumour for pain relief.
Spinal angiography (left Tll, T12, Ll, and L2, and right Ll and L2 segmental arteries) showed that the tumour was fed primarily by the left first and second lumbar arteries. No spinal arteries were seen on pre-embolisation angiography.
The dorsal branch of the left first lumbar artery was superselectively catheterized with a Tracker 18 micro catheter (Target Thera-peuticslBoston Scientific Corporation, Natick, MA). Superselective angiography showed dense tumour blush in the second lumbar vertebral body. A spinal branch was not angiographically demonstrated, and provocative testing was performed with intra-arterial injection of 1.25 ml of 2 % lidocaine, which caused no change in her lower extremity strength or sensation.
The dorsal branch of the first lumbar artery was embolised with 150-350 micron polyvinyl acetate particles suspended in a 3 : 1 mixture of iohexol (Omnipaque 300, Nycomed, New York, NY): 3% Sotradecol (Elkins-Sinn, Cherry Lake, NJ), which was painless for the patient and uneventful.
The dorsal branch of the left second lumbar artery was then superselectively catheterized with the Tracker 18 micro catheter. Superselective angiography with rapid hand injection showed dense tumour blush at the left lateral aspect of the second lumbar vertebra, and no spinal branch was demonstrated (figure lA) . In an attempt to achieve a more selective embolisation, the microcatheter was advanced further into the branch and a second angiogram was performed, which again demonstrated dense tumour blush and no spinal branch (figure 1B).
Because it did not appear that embolisation from the more distal micro catheter position would spare any significant normal vessels angiographically, and because we were concerned that emboli sing from this position might some more proximal feeders to the tumour to not be embolised, we decided to embolise from the more proximal position used in the first superselective angiogram. Provocative testing was performed with intra-arterial injection 2.5 ml of 2 % lidocaine, which caused no change in her lower extremity strength or sensation. A higher dose of lidocaine was used on the second lumbar artery because the vessel fed a highflow lesion. The dorsal branch of the second lumbar artery was then embolised with the same mixture used to embolise the first lumbar artery. Embolisation was performed under continuous fluoroscopic monitoring with road map assistance.
The embolisation was stopped after administration of 1.0 ml of the embolic material because most of the tumour blush was seen to have been eliminated on fluoroscopy, and a post-embolisation angiogram was performed. The post-embolisation angiogram demonstrated a large anterior radiculo-medullary artery (figure 1B), which had been masked by diversion of contrast through the high-flow tumour on the pre-embolisation angiogram. Most of the tumour blush was eliminated by the embolisation. Immediately following performance of the control angiogram, the patient complained of severe pain in her lower back and in both legs. Because of her pain and the fact that we were concerned that the anterior spinal artery had been embolised, we decided to terminate the procedure.
Immediately following the procedure, she could move her legs. Her strength in both legs appeared reduced, but she did not seem to be cooperating well with the neurological exam because of her pain and drowsiness caused by narcotic pain medication. Over the next twelve hours, the pain subsided and she progressively developed nearly complete paralysis and anesthe si a below the waist, as well as bowel and bladder incontinence. MR imaging performed three hours following embolisation showed central high signal intensity on T2-weighted images of the lower spinal cord, consistent with infarction (figure le).
Discussion
Preoperative embolisation for vertebral tumours is a relatively safe procedure which reduces surgical blood loss, making surgery safer and easier 1-8. Palliative embolisation to relieve pain from vertebral tumours has also been described 9,10 . We reviewed the reports of 153 preoperative and palliative embolisation procedures for vertebral tumours in the literature 1-10, and found that there were only two reported complications.
These complications were a dermatomal parasthesia 10, and a transient myelopathy due to tumour swelling which was relieved by surgery 2. One must, however, use caution when interpreting data regarding the overall complication rate from this compilation of studies, since they span a twenty year period from 1975 to 1995, and a wide variety of techniques were used. Nonetheless, these series indicate that the overall complication rate for embolisation of spinal metastases is rather low (1-2%).
The flow-controlled technique used in our case and now generally used for tumour embolisations was first described by Kerber 11 . The basic principle of this technique is to not occlude the artery with the catheter and to allow the perfusion pressures and flow to carry the embolic material distally into the abnormality being treated.
This technique avoids ischaemic complications of embolisation secondary to wedging the catheter in the artery and pushing the embolic material into normal arteries through anastamoses that are forced open when normal perfusi on pressure is exceeded by the pressure of injection. However, the flow-controlled tech- nique can lead to complications when, as in our case, the flow into a high-flow lesion is eliminated by embolisation, and the embolic material then flows to normal tissues which were previously angiographically occult.
This risk can be minimized by performing angiograms frequently during the course of embolisation of lesions with high flow, to monitor for diversion of blood flow to normal tissues as flow to the lesion is eliminated.
Provocative testing with barbiturate and lidocaine has been recommended when performing spinal embolisations 11. In our case, provocative testing with lidocaine did not prevent embolisation of the anterior spinal artery. The lidocaine which was used for provocative testing in our case simply shunted rapidly through the tumour and into the venous system without entering the spinal artery, as did the contrast on the pre-embolisation angiogram. While a barbiturate such as amobarbital or methohexital may be useful in provocative testing of anterior spinal artery branches which supply spinal cord gray matter, it is doubtful that barbiturate testing would have been helpful in this case, since it would almost certainly have been shunted rapidly through the tumour, and therefore would not have reached the anterior radiculo-medullary artery.
Also, lidocaine alone may be adequate for provocative testing of spinal arteries, as a study in monkeys demonstrated a brief period of flaccidity followed by hyperreflexia in the lower extremities and fasciculations of the thigh muscles when lidocaine was injected into the artery of Adamkiewicz 12. We did not localize the artery of Adamkiewicz on the spinal angiogram prior to embolisation. One might argue that embolisation of the anterior spinal artery can be avoided by localizing the artery of Adamkiewicz angiographically. If we had aggressively pursued the artery of Adamkiewicz angiographically and not found it, perhaps we would have been concerned that it was masked by tumour shunting. However, the blood supply to the spinal cord is highly variable, and finding a large anterior radiculo-medullary artery does not exclude the presence of a second anterior radiculomedullary artery.
Since the large anterior radiculo-medullary artery that we embolised at the second lumbar level caused an infarction of only the lower spinal cord, it is extremely likely that we would have found a higher anterior radiculomedullary artery that supplies most of the thoracic spinal cord, had we aggressively pursued it angiographically.
It is, therefore, doubtful that this complication would have been avoided by attempting to localize the artery of Adamkiewicz angiographically.
We used Sotradecol in our embolic mixture to cause sclerosis of the tumour vessels and subsequent tumour necrosis 13 . The intra-arterial use of Sotradecol rather than ethanol has the advantage of being relatively painless during the procedure. Ethanol causes severe pain when injected intra-arterially, necessitating the use of general anesthesia. The use of a liquid agent such as Sotradecol or ethanol facilitates results in tumour necrosis, but also carries a higher risk of necrosis of normal tissues, including the spinal cord.
The amount of spinal cord infarction might have been less if we had used the 150-250 micron polyvinyl alcohol particles alone, but embolisation with these particles alone probably would not cause significant tumour necrosis, and therefore might have resulted in both a .. lesser degree and shorter duration of pain relief.
Unfortunately, not enough data is available in the literature to definitively discern the relative risks and benefits of the various agents available for tumour embolisation. In pre-operative embolisation where tumour necrosis is not a goal, liquid agents and small particles should be avoided to avoid ischaemia of normal tissues, including the spinal cord.
Embolisation of tumours with N-butyl cyanoacrylate and ethanol via direct percutaneous puncture has been proposed as an alternative to trans-arterial embolisation for pain relief 14,15. Percutaneous vertebroplasty with methyl methacrylate has also been used successfully to relieve pain from vertebral metastases 15. These direct puncture techniques may result in less risk of embolisation of normal arteries, including spinal arteries. However, vertebroplasty would not have been a good option in our case, because the patient had symptoms from radicular involvement, which would not have been relieved by and could have been made worse by injection of methyl methacrylate.
In Interventional Neuroradiology 5: [61] [62] [63] [64] [65] 1999 might also prompt one to embolise lesions with high flow with larger particles. Liquid agents and small particles should especially be avoided in pre-operative embolisations where it is not necessary to cause tumour necrosis. Embolisation via direct puncture technique may also be a safer option in these lesions. It is also important to be aware that provocative testing does not screen for this potential complication.
